

STATIC TO DYNAMIC LOGIC INTERFACE CIRCUIT 



FIELD OF THE INVENTION 



The present invention relates generally to CMOS integrated circuits, and more 
particularly, to CMOS circuit techniques for interfacing from static single-ended logic 
to differential dynamic logic. 



Static logic gates have been utilized to construct logic circuits for performing 
mathematical operations. Static logic gates are those which can continuously perform 
logic operations so long as electrical power is available. In other words, static logic 
gates need no electrical precharge, or refresh, in order to properly perform logic 
operations. However, static logic gates are undesirably slow individually and, when 
chained together to collectively perform a logic fiinction, are even slower. 

Dynamic logic gates are used in the design of logic circuits which require 
high performance and modest size. Dynamic logic gates are those which require a 
periodic electrical precharge, or refresh, such as with a dynamic random access 
memory (DRAM), in order to maintain and properly perform its intended logic 
function. Once an electrical precharge supplied to a dynamic logic gate has been 
discharged by the dynamic logic gate, the dynamic logic gate can no longer perform 
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BACKGROUND OF THE INVENTION 




another logic function until subsequently precharged. Accordingly, dynamic logic 
usually has at least two clock phases. One clock phase is called the precharge phase. 
During the precharge phase, the electrical precharge is supplied to the dynamic logic 
gates. A second clock phase is called the evaluate phase. During the evaluate phase, 
the electrical precharges of the dynamic logic gates may be discharged depending 
upon the inputs to the dynamic logic gates. 

It is often desireable to mix static and dynamic logic circuits on the same 
integrated circuit. This allows the designer to pick the appropriate type of logic 
depending upon a variety of factors including speed, power dissipation, simplicity, 
cost, and ease of use. 

Unfortunately, a typical requirement of dynamic logic is that the inputs to a 
dynamic gate either remain stable during the entire evaluate phase ,or that the inputs 
are monotonic. That means that only one transition from a predetermined logic level 
to the other one may occur without causing problems. Typically, the allowed 
transition is a single low to high transition. However, static logic may transition in 
either direction, multiple times, during a clock cycle. Therefore, signals driven by 
static logic should not be used as inputs to dynamic logic. This presents a problem for 
integrated circuits that want to mix static and dynamic logic circuits. 

Accordingly, there is a need in the art for a circuit that interfaces static logic to 
dynamic logic. It is desirable that such a circuit use clocks that are standard to both 
the static and dynamic circuits. This simplifies design. Likewise, to simplify design, 
such a circuit should use standard circuit elements. 
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SUMMARY OF THE INVENTION 
In a preferred embodiment, the invention provides a static logic signal to 
dynamic logic interface that produces a monotonic output. The invention is fast 
because it does not introduce a "dead" gate delay v^here no useful logic function is 
performed into the evaluation phase of the dynamic logic. The invention does not 
require the generation of special clocks that can create setup and hold time problems. 
Finally, the invention may be constructed using standard CMOS integrated circuit 

building blocks which simplifies design and implementation^ 

An embodiment of the invention uses standard clock signals, a delay element 
that ckn be as simple as a series of inverters, and an enabled latch to interface static 
logic to oVnamic logic. The inverse of the dynamic logic evaluate clock is fed to the 
clock input of a transparent latch with clock and enable inputs. A delayed version of 
this clock is generated by the delay element. This delayed inverse of the dynamic 
logic evaluate cloclt is fed to the enable input of the latch. The input to the latch 
comes fi-om static logi^^and the output of the latch is fed to the dynamic logic. The 
net result is a latch that is**^pen until the evaluate clock is instructing the dynamic 
logic to reset, or precharge, and remains closed until a delay element delay time after 
the evaluate clock instructs the ovnamic logic to reset. 

Other aspects and advantages of the present invention will become apparent 
from the following detailed descriptiork taken in conjunction with the accompanying 
drawings, illustrating by way of example me principles of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic illustration of a static logic to dynamic logic interface 
that produces a monotonic output. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 





15 



20 



25 



FIG. 1 is a schematic illustration of a static to dynamic logic interface that 
produces a monotonic output. In FIG. 1, IN is the input signal from static logic. OUT 
is the outpui^nal that may be connected to dynamic logic. CK is the dynamic logic 
evaluate clock. Invriie embodiment shown in FIG. 1, when CK is high it is the 
dynamic logic evaluate^hase. CK is input to delay element 104. The output of delay 
element is a delayed versionypf CK called CKD. Delay element 104 may be as simple 
as an even number of inverters^si3K is also connected to the clock input of a 
transparent latch 102 and CKD is cis^nnected to an enable input of transparent latch 
102. 

The net result of feeding CK and'lCKD the clock input and the enable input, 
respecft^ly, of transparent latch 102 is a static to dynamic logic interface that is open 
until the inv^se of the dynamic logic evaluate clock rises. This static to dynamic 
logic interface also remains closed until a delay element delay after the dynamic logic 
evaluate clock falls. Tt^se properties help prevent hold time problems while 
providing timing benefits ihs^n easy to construct solution with low implementation 

cost. 

In FIG. 1, static logic signal IN is connected to the source of n-channel 
MOSFET (NFET) 138 and the source of p-channel MOSFET (PFET) 134. The drain 
of NFET 138 is connected to the source of NFET 136. The drain of NFET 136 is 
connected to node INI. INI is a latching node for transparent latch 102 in that 
feedback provided by other transistors 124, 126, 132, 130, and 128 cause the value on 
INI to be retained even when pass gates 138, 136, and 134 are all off 

The drain of PFET 134 is also connected to INI. INI is connected to the input 
of an inverter comprised of NFET 122 and PFET 120. The output of this inverter is 
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OUT. This arrangement allows static logic signal IN to propagate through pass gate 
transistors 138, 136, and 134 to INI and then to OUT with only one inverter gate 
delay plus some delay from the pass gate transistors. Accordingly, when pass gate 
transistors 138, 136 and 134 are on, changes in the signal IN are passed quickly to the 
output, OUT. 

Also in FIG. 1, the enable input of transparent latch 102 which is connected to 
CKD, is connected to the gate of NFET 138, the gate of NFET 146, and the gate of 
PFET 140, The clock input of transparent latch 102 which is connected to CK, is 
connected to the gate of NFET 136, the gate of NFET 144, and the gate of PFET 142. 
The source of NFET 146 is connected to the negative supply voltage. The drain of 
NFET 146 is connected to the source of NFET 144. The drain of NFET 144 is 
connected to node NPCK. Node NPCK is connected to the drain of PFETs 140 and 
142. NPCK is also connected to the gate of PFET 134 and the gate of NFET 130. 

As mentioned above, NFET 122 and PFET 120 are connected to form an 
inverter. Accordingly, node INI is connected to the gate of NFET 122 and the gate of 
PFET 120. The drain of NFET 122 and the drain of PFET 120 are connected to node 
OUT. The source of NFET 122 is connected to the negative supply voltage. The 
source of PFET 120 is connected to the positive supply voltage. 

Node INI is also connected to an inverter constructed with NFET 126 and 
PFET 124, Accordingly, node INI is connected to the gate of NFET 126 and the gate 
of PFET 124. The drain of NFET 126 and the drain of PFET 124 are connected to 
node FB. The source of NFET 126 is connected to the negative supply voltage. The 
source of PFET 124 is connected to the positive supply voltage. 

Node FB is connected to the gate of PFET 132 and the gate of NFET 128. 
The source of NFET 128 is connected to the negative supply voltage. The drain of 
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NFET 128 is connected to the source of NFET 130. The drain of NFET 130 is 
connected to node INL The drain of PFET 132 is also connected to node INI. 

From the foregoing it will be appreciated that the static to dynamic logic 
interface provided by the invention offers numerous advantages. It may be 
constructed from elements common to many integrated circuit designs. It uses a 
standard clock signal as an input clock. Finally, the various delays from its inputs to 
its output help prevent hold time problems while providing timing benefits. 

Although a specific embodiment of the invention has been described and 
illustrated, the invention is not to be limited to the specific forms or arrangements of 
parts so described and illustrated. The invention is limited only by the claims. 
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